Serotyping and genotyping are important tools in epidemiological studies of group B streptococcal (GBS) infections, which are important diseases in man, particularly in newborns. In the present study, 241 GBS isolates from Zimbabwe, comprising 124 carrier isolates from pregnant women and 117 isolates from patients hospitalised for various diseases, were serotyped. Antibodies specific for the capsular polysaccharide antigens (CPAs) Ia, Ib and II-V and antibodies specific for the surface-localised proteins, c AE , c â , R1, R3 and R4 were used for serotyping. Strains of the CPA types Ia (17%), III (47.7%) and V (23.2%) predominated. Of the various protein antigens, c AE and R4 were expressed with highest frequency, c AE by 100% of the CPA type Ia strains and R4 by 92% of the CPA type III strains. The R3 protein occurred frequently (24%), especially in type V strains (84%). A total of 25 serovariants was detected in the strain collection with the variants Ia=c AE (16%), III=R4 (43.5%) and V=c AE , R3 (14.1%) occurring with the highest frequency. Serotype and subtype distribution of the carrier isolates were essentially similar to those of the disease-associated isolates. Genomic heterogeneity was demonstrated by pulsed-field gel electrophoresis of type III=R4 and type V=c AE , R3 isolates, but to a much lesser extent than recorded with Norwegian strains. These results demonstrate that many variants of GBS occur in the Zimbabwean population. The data obtained may assist in the formulation of a possible future GBS vaccine for Zimbabwe and perhaps for other African countries.
Introduction
Streptococcus agalactiae (group B streptococcus, GBS) is a major cause of infection in man, particularly in neonates. While incidence rates of GBS diseases and GBS carrier rates are known in many industrialised countries, this is frequently not the case in developing countries -although some information is available [1] . In Zimbabwe, a carrier rate of 31% was described in 1990 on the basis of testing vaginal specimens [2] and, recently, a carrier rate of 31.6% was found in pregnant women in one area of Zimbabwe [3] . Accurate data concerning morbidity and mortality of GBS disease in Zimbabwe are not available. However, clinicians consider that GBS disease occurs with a high frequency in Harare, Zimbabwe (K. J. Nathoo, Harare, personal communication).
Serotyping has for decades been of great importance in epidemiological studies of GBS disease and has more recently been supplemented by methods for molecular typing such as molecular fingerprinting and multi-locus enzyme genotyping. Serotyping is based primarily on the GBS capsular polysaccharide antigens (CPA) designated Ia, Ib and II-VIII [4] . Sometimes, the CPA typing is supplemented by identification of serosubtype markers, strain-variable protein antigens such as c AE [5, 6] , c â [5] , and the R proteins R1-R4 [7, 8] . In addition, a number of other GBS protein antigens have been described, some of which showed cross-reactivity with classical R protein antigens. These include proteins associated with type V strains [9] [10] [11] [12] and protein Rib [13] , which has been shown to cross-react with the R4 protein [14] . The CPAs and probably the protein antigens function as virulence factors [15] and these antigens are targets of protective antibodies [4] .
The present study extends a previous study of GBS carrier strains isolated in Zimbabwe [3] . Isolates from pregnant Zimbabwean women and from hospitalised Zimbabwean patients colonised with GBS were sero-typed and sero-subtyped, and strains of two different serovariants were analysed by molecular fingerprinting.
Materials and methods

Source of GBS
GBS isolates from 117 pregnant women and from 124 patients hospitalised for various diseases, mostly infectious diseases, were included in the study. Due to inadequate data, patients with possible invasive GBS disease could not be identified with sufficient reliability. More than 90% of the pregnant women and hospitalised patients were black Zimbabweans. The pregnant women attended the Family and Child Health Department at Chinhoyi Hospital, Chinhoyi, Northern Zimbabwe for routine antenatal care checks and were selected for bacterial testing as described previously [3] . The hospitalised patients were from four regions of Zimbabwe (Harare, Bulawayo, Masvingo and Mashonaland Central; Bindura). For the purpose of this report, GBS isolates from the pregnant women and the hospitalised patients will be referred to as PW-GBS and HP-GBS, respectively.
Culture and identification of GBS
High vaginal and rectal swabs from pregnant women were cultured for GBS as described previously [3] . Specimens for diagnostic bacteriology from various sites in the hospitalised patients were cultured and bacteria were identified presumptively according to the procedures recommended by the Public Health Laboratories of Zimbabwe. Putative GBS from either of the population groups were cultured on blood agar plates and were identified by the CAMP test and by the Streptex reagent (Murex Biotech Limited, UK). Isolates were stored at À808C in Greave's medium and were transported to Trondheim, Norway for further analysis.
Serotyping and sero-subtyping CPA typing was done by an indirect fluorescent antibody test (FAT) as described previously [16] . Briefly, the antisera used were raised against whole cells of reference or prototype strains for the various CPAs and were made CPA-specific by appropriate cross-absorption [16] . Smears were prepared from GBS which were cultured on blood agar plates and suspended in 0.15 M phosphate-buffered saline (PBS), pH 7.2. The smears were air-dried, heat-fixed and incubated with rabbit antiserum appropriately diluted in PBS. The smears were washed with PBS and further incubated with FITC-conjugated anti-rabbit immunoglobulin (Dako A/S, Glostrup, Denmark). The slides were washed, mounted and read with a Nikon epifluorescence microscope, as described previously [16] .
Detection of surface-localised protein antigen markers (subtyping) was done by dot-blotting, as described previously [17] . A rabbit antibody was used for the detection of the R1 protein [12] , and monoclonal antibodies (MAbs) for detection of the protein antigens c AE [6] , c â [18] , R3 [19] and R4 [14] . Briefly, a 3-ìl volume of a bacterial suspension [17] was applied to strips of PVDF membranes (BioRad; Richmond, CA, USA) and air-dried. Non-specific sites were blocked by incubating for 30 min with defatted dried milk 3% w=v in PBS. Strips were washed twice in PBS with Tween 20 0.05% v=v (PBST), incubated for 90 min with the various antibodies at appropriate dilutions, washed and incubated with peroxidase-conjugated anti-immunoglobulin antibodies (1 in 1000; Dako A/S), washed and developed as described previously [17] . The reaction was stopped by immersion of the strips in water. The strips were read after drying and the results were recorded by matching against dot-blots probed with a nonsense MAb. Signalling was graded from 0 to 4+. Positive and negative strains were included in all serotype and sero-subtype determinations.
Macrorestriction analysis by PFGE
Chromosomal DNA was prepared by modifications of previously described methods [20] . Briefly, one colony of GBS was inoculated and cultured in 20 ml of ToddHewitt broth at 378C overnight. The cells were pelleted by centrifugation and washed twice with 5 ml of TEN buffer (0.1 M Tris-HCl, 0.1 M EDTA, 0.15 M NaCl, pH 7.5). The pellet was resuspended in 2 ml of TEN and 50 ìl of this suspension were mixed with 200 ìl of TEN and 250 ìl of low-melting point agarose 2% in EC buffer (6 mM Tris-HCl, 0.1 M EDTA, 1 M NaCl, Brij-58 0.5%, 5 mM sodium desoxycholate, 17 mM Nlaurylsarcosine, 1 mM MgCl 2 ), which had been heated and cooled to 588C. The mixture was pipetted into plug moulds and allowed to solidify. The plug moulds were placed into 3 ml of EC buffer with the addition of 100 ìl of lysozyme (20 mg=ml), 50 ìl of RNAase (1 mg=ml) and 50 units of mutanolysin (Sigma) and incubated at 378C for 5 h with gentle shaking. The buffer was replaced with 4 ml of ES buffer (0.5 M EDTA and 34 mM N-laurylsarcosine) with proteinase K 2 mg and incubation was performed overnight at 508C. The plugs were then washed four times for 1 h in TE buffer (10 mM Tris-HCl, 1 mM EDTA) at room temperature with gentle shaking.
Slices of the plug mould were exposed to digestion with restriction endonuclease SmaI (20 U in 100 ìl of fresh reaction buffer; BioLabs, New England) for 4 h at 258C in a heat block. Pulsed-field gel electrophoresis (PFGE) was performed with a CHEF XA Mapper (BioRad) in 0:5 3 TBE under the following electrophoretic conditions: agarose 1% (Pulsed Field Certified Agarose, BioRad), 148C, 6 V=cm, run time of 24 h and switch time 5-50 s (linear ramp). Gels were stained with ethidium bromide and visualised under UV illumination. Image capturing was performed with the 596 S. R. MOYO ET AL.
Gel Doc 2000 Documentation System (BioRad Laboratories). Pulsotypes were compared and classified in dendrograms by means of the Jaccard coefficient with 2.5% band tolerance and the unweighted pair group method with arithmetic mean clustering methods provided by Molecular Analyst Fingerprinting DST Software version 1.6 (BioRad).
Results
Serotyping
The results of the CPA typing are shown in Table 1 . Of 241 GBS isolates tested, 238 isolates could be serotyped with six anti-CPA reagents. GBS of CPA types Ia, III and V predominated. Together, strains of these CPA types comprised 88% of the isolates with type III strains amounting to nearly half of the isolates. NT strains and type Ib, II and IV strains occurred rarely. The proportionate distribution of strains of the various CPA types in the PW-GBS and HP-GBS was nearly the same.
Like the CPAs (Table 1) , the strain-variable protein antigens were expressed with nearly the same frequency in the Zimbabwean PW-GBS and HP-GBS. The rates of expression of the proteins in the whole strain collection are shown in Table 2 . The majority of strains (64.3%) expressed only one of the proteins, 28.6% expressed more than one protein and 7% expressed none of them. C AE and R4 occurred most often, each of them being expressed individually by 45.2% of the isolates and both by 1.2%. Altogether, 221 (91.7%) of the 241 strains expressed c AE , R4 or both. R1 was expressed by only one of the isolates, whereas R3 was expressed by a quarter of them. C â occurred comparatively rarely. Table 3 shows the expression of the protein antigens in relation to the CPA types. Isolates of the various CPA types segregated into a variable number of subtypes ranging from two to six subtypes for CPA types Ia and V, respectively. A total of 25 serovariants was detected.
Strains of different CPA types expressed the proteins with highly variable frequencies. For instance, c AE was expressed by all the type Ia isolates but not by any of the type III strains, whereas R4 was produced by nearly all (91.4%) of the type III strains but not by any of the Ia strains. R3 occurred with high frequency (83.9%) in the type V strains but rarely or not at all in isolates of other CPA types. C â , expressed by 11.6% of the isolates, occurred in strains of all the CPA types except in the type III strains. Thus, expression rates which varied from one protein to another and CPA-correlated expression rates were demonstrated.
Genotyping of Zimbabwean GBS strains
To investigate Zimbabwean GBS strains for heterogeneity at the genomic level, a total of 86 HP-GBS isolates was examined by PFGE: 59 serotype III/R4 strains and 27 serotype V=c AE , R3 strains. With SmaI digestion of DNA, 7-12 fragments were regularly recorded, as seen in Fig. 1 , which shows the banding pattern recorded for five type III/R4 strains with different patterns.
At a level of similarity of 80%, the 59 type III=R4 isolates could be segregated into five groups with 1-53 isolates in each group (Fig. 2A) . In the large group of 53 isolates, 26 isolates displayed 100% similarity. When the same criterion for similarity was applied for 27 type V=c AE , R3 isolates, a larger degree of genomic heterogeneity was observed with 12 different groups with 1-8 isolates in each group (Fig. 2B) . In the latter group seven isolates showed 100% similarity. The results obtained demonstrate genetic diversity of both the type III=R4 and the type V=c AE , R3 isolates of the Zimbabwean GBS strain collection examined, but with greater genomic diversity of the latter serotype.
Discussion
The actual incidence of GBS disease in adults and neonates in Zimbabwe is not known, but we have reason to believe that the incidence is comparatively high. Also, the carrier rate of 31.6% in pregnant women in one area of the country was higher than found in some Western countries [21] [22] [23] , and higher than the colonisation rate found in pregnant women in the Gambia [24] and some other African countries [1] . In Fig. 1 Fig. 2 . Dendrograms based on Jaccard similarity coefficients from SmaI-generated macrorestriction patterns of Zimbabwean GBS isolates. the present study, 124 GBS carrier isolates from pregnant Zimbabwean women and 117 isolates which had colonised hospitalised patients were characterised by serotyping and, to a limited extent by PFGE, to unveil the extent of diversity among Zimbabwean GBS strains.
Of 241 Zimbabwean isolates examined, 238 could be classified by the use of antibodies that recognised the CPA antigens Ia-V. Thus, it appears that GBS of the CPA types VI, VII and VIII occur rarely if at all in the Zimbabwean population, which is different from other geographical areas such as Japan where GBS of the CPA types VI and VIII predominated [25] . Strains of the CPA types Ia (17.0%), III (47.7%) and V (23.2%) predominated. When combined, these serotypes comprised 87.9% of the strain collection. Two or all three of these serotypes have also been prevalent among GBS isolates from other areas of the world [22, 26, 27] , but not in a Gambian GBS collection which showed low frequency of type III and high frequency of type II and type V strains [24] . However, for most African countries GBS serotype distribution is not known. Over the last 10-15 years, type V GBS strains have emerged with increasing frequency in several areas [28, 29] , and this also seems to be the case in Zimbabwe, as type V strains amounted to as many as 23.2% of the isolates.
All the GBS protein antigens included in the testing, c AE , c â , R1, R3 and R4, were detected among the Zimbabwean GBS and these antigens permitted subtype determination of isolates of all six CPA types that we have identified. A total of 25 serovariants was identified. The distribution of the protein markers among the isolates of different CPA types showed similarities to the distribution in strain collections from other areas [26, 27] but with some differences. Thus, the R1 protein was detected in only 1 of 241 Zimbabwean isolates examined whereas this protein was expressed by 10% of Norwegian isolates, most frequently (72%) by CPA type V strains [12] . The R3 protein, on the other hand, mostly expressed by type II strains in a Norwegian strain collection [19] , was expressed by 84% of the Zimbabwean type V isolates. Thus, major differences in phenotypes exist between Norwegian and Zimbabwean type V strains. It is possible that R1 and R3 have similar functions when expressed by type V GBS strains. The c AE or R4 proteins, rarely both, were each expressed by 46.5% of the Zimbabwean isolates, which seems to represent a very high rate of expression [27] . A number of isolates expressed more than one of the protein markers, in particular isolates of the serotypes IV and V. The results show that the combined CPA and protein antigen typing discriminated between phenotypic variants of GBS of African origin, as with GBS of European origin [27] .
The distribution of GBS serotypes and subtypes among disease-associated strains, including some blood culture and CSF isolates, was nearly the same as that of vaginal carrier strains. Thus, a variety of serovariants of GBS are capable of colonising different body sites.
Several studies have described molecular fingerprinting results for GBS and have documented considerable genomic heterogeneity among strains of identical serotypes [20, [30] [31] [32] . This was also the case in the present study of Zimbabwean GBS strains in which analysis by PFGE was restricted to type III=R4 and type V=c AE , R3 isolates. Both groups of isolates included several pulsotypes, with the type V strains exhibiting the highest degree of genomic heterogeneity. PFGE of 42 Norwegian type III=R4 strains with the same technique revealed 19 different pulsotypes (unpublished observations), consistent with much greater genomic diversity than found for Zimbabwean type III=R4 strains. Factors underlying this difference remain speculative but one factor of note is that the Norwegian isolates were collected from all over Norway, whereas the Zimbabwean isolates were collected from restricted areas of Zimbabwe. Among the Zimbabwean type III=R4 isolates, 44% belonged to the same pulsotype. These isolates probably represent a clonal lineage that is widely distributed in the Zimbabwean population.
Development of a GBS vaccine for the generation of immunity to prevent GBS disease has been in progress for years. CPA-protein conjugate vaccines have proved efficient in animal experiments and have attained clinical trials [4] . Knowledge of the distribution of GBS serotypes within the area is necessary to formulate an effective GBS vaccine for that area. In Zimbabwe, a vaccine containing type III and type V CPA could be effective in c. 70% of the population (Table 1) and by adding type Ia CPA, the vaccine could become effective in 80-85% of the population. The surface-localised protein markers of GBS harbour protective epitopes and have been considered potential candidates for a GBS vaccine [4, 12] . In that case, the inclusion in a vaccine of both c AE and R4 could, theoretically, provide protection to c. 90% of the population (Table 2 ).
In conclusion, the results of the present study have demonstrated that distribution of serotypes and serosubtypes among Zimbabwean GBS show considerable similarity to the distribution in GBS isolated in other parts of the world. However, some distinctive features of Zimbabwean GBS were noted, in particular regarding subtypes of type V isolates. PFGE demonstrated genomic heterogeneity of Zimbabwean type III=R4 and type V=c AE , R3 GBS isolates but to a lesser extent than recorded with Norwegian isolates. The results of the serotype determination may be important as a basis for formulation of a GBS vaccine for Zimbabwe and possibly for other countries in the Southern and Central African region.
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